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Resumo
Palavras-chave: limite Pliensbaquiano/Toarciano, GSSP, cronostratigrafia, amonites, foraminíferos, Peniche, Portugal 
O perfil de Ponta do Trovão em Peniche (Portugal) é apresentado como o potencial estratótipo (GSSP) do limite 
Pliensbaquiano/Toarciano. É descrita a sucessão litostratigráfica e apresentada a cronostratigrafia com base nas diferentes 
associações de amonites; a mudança nas associações de foraminíferos é feita mais tarde, apenas na base das bancadas 16 (base da
subzona de Semicelatum, horizonte de Crosbeyi ?).  
É apresentada uma bibliografia de conjunto de todos os trabalhos publicados com referências precisas a este limite, quer na 
Bacia Lusitaniana quer na Bacia do Algarve. 
Résumé
Mots-clés: limite Pliensbachien/Toarcien, GSSP, chronostratigraphie, ammonites, foraminifères, Peniche, Portugal 
La coupe de Peniche (Ponta do Trovão) au Portugal est présentée comme le potentiel stratotype (GSSP) pour la limite 
Pliensbachien/Toarcien. La succession lithostratigraphique est décrite et on présente la chronostratigraphie en ayant comme base
les différentes associations d’ammonites; le changement des associations de foraminifères se fait plus tard, seulement à la base
des couches 16 (base de la sous-zone à Semicelatum, horizon à Crosbeyi ?). 
L’ensemble de la bibliographie de tous les travaux publiés, ayant des références à cette limite dans le Bassin Lusitanien et 
dans le Bassin de l’Algarve, est présenté.
Abstract 
Key-words: Pliensbachian/Toarcian boundary, GSSP, chronostratigraphy, Ammonites, Foraminifera, Peniche, Portugal
The Peniche section (Ponta do Trovão) in Portugal is presented as potential stratotype (GSSP) for the Pliensbachian/Toarcian 
boundary. The lithostratigraphic succession is described and the chronostratigraphy, based on ammonite assemblages, is 
presented; the change in foraminifera assemblages occurs later, only at the base of beds 16 (base of Semicelatum Subzone, 
Crosbeyi ? Horizon). 
An extensive bibliographical list of all scientific articles containing specific reference to this stratigraphic boundary, whether 
from the Lusitanian or Algarve basins, is also presented. 
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In Portugal, the Pliensbachian–Toarcian transition is 
well exposed in several localities yielding Tethyan 
ammonites associated with some NW European classic 
species. These assemblages give good markers for 
worldwide correlations. Moreover, the transition beds 
often indicate a relatively continuous sedimentation, 
contrarily to the frequent gap recorded in NW Europe. 
The best Portuguese section is located along the Atlantic 
coast at Ponta do Trovão, in the Peniche Peninsula (fig. 
1-2), 80 km North of Lisbon. 
Fig. 1 – General view (from SW to NE) of the Ponta do Trovão section, Peniche Peninsula (Portugal); the 3 arrows shows the locals (and
directions) where are taked the photos corresponding to the figures 3, 4 and 5; in the background, the Papoa Peninsula (photo S. Mailliot). 
Fig. 2 – Geological map of the Peniche region (in FRANÇA & al., 1960).
In this locality, the Upper Pliensbachian (Domerian) 
series consists of regular marl-limestone alternations 
(Lemede Formation), dipping gently to the South. The 
uppermost part of this formation (around 1m thick), was 
described by P. CHOFFAT (1880) and R. MOUTERDE
(1955) as a particular unit called Couches de passage 
(Transition beds). They have yielded a continuous and 
diversified fossil material, which has been strongly 
collected. Shells are often accumulated and gathered, 
forming irregular heaps. Some belemnite accumulations 
have been interpreted as coprolites remnants. Plicatula
and serpulids are fixed on ammonite shells or casts. The 
"Couches de passage" indicate a low sedimentation rate 
and they are capped by hard ground (top surface of 
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level 15e, MOUTERDE, 1955; D5, SOARES & al., 1993a; 
DT1, DUARTE, 1995, 1997, 2003). The last bed         
(15e) has yielded a characteristic association of 
Dactylioceratids that is classically interpreted as 
marking the beginning of the Toarcian. In consequence, 
the chronostratigraphic boundary differs from the 
lithologic one, the latter being situated between the 
"Couches de passage" (levels 15, topmost of Lemede 
Formation) and the base of the Cabo Carvoeiro 
Formation (levels 16, base of Cabo Carvoeiro, 1st
member; = "Couches à Leptaena") (fig. 3-5).  
The biostratigraphic boundary is located within a 
succession showing a progressive sedimentary evolution, 
without noticeable interruption. The time recording can 
be considered good enough to give an international 
reference. 
The detail of the Couches de passage (Transition 
beds) succession will be shortly described (fig. 6) 
Fig. 3 – Detail of the Transition beds (levels 15, topmost of the Lemede Formation), in the Ponta do Trovão northern part. 
Fig. 4 – The boundary (15e-16a) between the Lemede and the Cabo Carvoeiro Formations. 
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Fig. 5 – Detail of the cliff of the Cabo Carvoeiro Formation base (beds 16 and 17), above the proposed GSSP (top of level 15e). 
Spinatum Zone, Emaciatum Subzone 
Bed 15a (0,15 m) – Canavaria bed. Bioturbated 
micritic limestone with some lumps. Canavaria zancleana 
(FUCINI) is associated with Emaciaticeras emaciatum 
(CATULLO), E. lotti (FUCINI) and Lioceratoides aff. 
ballinense (HAAS).
Bed 15b (0,25/0,30 m) – Calcareous laminated 
marls with brachiopods (Zeilleria sp.), belemnites, 
gastropods and bivalves [Plicatula (P.) spinosa
(SOWERBY) var. pectinoides (LAMARCK)]. 
Spinatum Zone, Elisa Subzone 
Bed 15c (0,25/0,30 m) – Tauromeniceras bed. 
Bioturbated micritic limestone with Tauromeniceras 
elisa (FUCINI), T. disputandum DUBAR, T. gr. nerina 
(FUCINI), Lioceratoides aradasi (FUCINI), L. aff.
ballinense, Tiltoniceras aff. capillatum (DENCKMANN),
Protogrammoceras (Paltarpites) sp., Spiriferina gr. 
rostrata SCHLOTHEIM and P. (P.) spinosa var. pectinoides.
Bed 15d (0,20/0,30 m) – Marly limestones rich              
in belemnites and spiriferinids. Tauromeniceras mazetieri 
(DUBAR), Neolioceratoides aff. hoffmanni (GEMMELLARO), 
Spiriferina gr. rostrata, Zeilleria sp. and P. (P.) spinosa
var. pectinoides.
Polymorphum Zone, Mirabile Subzone 
Bed 15e (0,20m) – Eodactylites bed. Micritic 
limestone with numerous ammonites (including at top 
of the bed), generally corresponding to oxidized pyritic 
casts. Shows the first appearance of Eodactylites and 
disappearance of Arieticeratinids. Eodactylites are 
abundant and varied: Dactylioceras (Eodactylites) 
simplex (FUCINI), D. (E.) pseudocommune FUCINI, D. 
(E.) polymorphum FUCINI. The association D. (O.) 
simplex – D. (O.) pseudocommune can indicate a slight 
condensation, according to Iberian Ranges data, which 
requires larger confirmation. Other ammonites are also 
remnants of Domerian stocks such as Tiltoniceras aff.
capillatum and Neolioceratoides aff. ballinense. The 
presence of Protogrammoceras (Paltarpites) cf. paltum
(BUCKMAN) is a good indicator for correlations with 
the NW Europe. Brachiopods (Spiriferina sp., Zeilleria
sp. and Rhynchonella sp.), belemnites and bivalves [P. 
(P.) spinosa var. pectinoides] are common. This bed 
marks the beginning of the Toarcian (Paltus/Mirabile 
Subzone of the Tenuicostatum/Polymorphum Zone). 
Polymorphum Zone, Semicelatum Subzone 
Bed 16a (1,70 m) – The level 16 marks the lower 
part of the Cabo Carvoeiro Formation. The basal two 
meters of this marl dominated unit contain small 
pyritous casts of representatives of NW european 
species of Orthodactylites: D. (O.) crosbeyi (SIMPSON),
D. (O.) clevelandicum HOWARTH associated with 
Protogrammoceras (Paltarpites) sp. Their presence 
allow a tentative correlation with the Clevelandicum 
Horizon (or Subzone) of Britain and document the 
hypothesis that the absence of Eodactylites in many 
classic sections is due to a sedimentologic gap rather 
than to a palaeogeographic differential distribution. The 
same levels yield an abundant assemblage of 
belemnites, gastropods and brachiopods. These small 
faunas can be, partly, dwarf or miniaturized 
communities that have lived in an environment rich in 
organic matter and poorly oxygenated. Bioturbation is 
important (Zoophycos and ferruginous tubular burrows).
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Fig. 6 – Geological section of the Pliensbachian/Toarcian boundary at Ponta do Trovão (Peniche) (after ELMI & al.,
1996, modified).
The upper part of level 16 contains several 
fossiliferous beds yielding mainly D. (O.) semicelatum 
(SIMPSON). These ammonites can be disorderly 
disposed, probably as a result of bioturbation. 
The Lower Toarcian microfaune 
The microfauna of the Pliensbachian/Toarcian boundary 
at Peniche is very similar to the fauna found at other 
sites of Portugal (Sagres, Coimbra …). The assemblages 
here described were collected in April 1987 and come 
from levels 16a, 16b, 16c and 16d (in MOUTERDE, 1955). 
The microfauna of levels 16a and 16b are clearly 
dominated by Domerian species. The assemblages consist 
of genera Lenticulina mg Lenticulina, rare morphogenera 
(mg) Planularia or Marginulinopsis, but the morphogenera 
Falsopalmula is present in very little number; it probably 
corresponds to a form gathered in other sites, not yet 
described in detail, but that was collected in the Polymorphum 
Zone: Lenticulina preobonensis mg Planularia (BOUDCHICHE
& al.,1994). Numerous Marginulina prima d’ORBIGNY, 
M. spinata TERQUEM, M. interrupta TERQUEM, 
ornamented forms are found. In level 16b arenaceous 
forms are present, accompanied by smooth Pseudoglandulina
and by Pseudonodosaria multicostata (BORNEMANN).  
From level 16c upwards, a clear regression of the 
Marginulina prima group is noted. The only abundant 
forms are Dentalina terquemi d’ORBIGNY, D. obscura
TERQUEM and D. arbuscula TERQUEM. In the Lenticulina
s. str. group (meaning clearly coiled forms), a very clear 
difference is noted in relation to the Domerian forms; 
the umbilicus is higher, the keels are more acute and 
wider, the body chambers are more numerous. These 
forms remind those from the basal Toarcian that have 
been described in France, Spain and Morocco. Level 
16d equally yields L. preobonensis, which confirms a 
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Lower Toarcian age (Polymorphum Zone). In these 
levels numerous Holothurian sclerites are present. 
In conclusion, it can be said that from the upper part 
of level 16c Toarcian forms are already present, 
although no truly typical forms are recognized. 
Acknowledgements 
We thank Professors J. C. Kullberg and P. S. Caetano and 
Mr. P. H. Verdial for support given to the digital management 
of plates and of the geological section figure, and to the 
revision of the English manuscript. 
References (Pliensbachian/Toarcian boundary at Peniche and other Portuguese sections) 
ALMERAS, Y. (1994) – Le genre Soaresirhynchia nov. (Brachiopoda, Rhynchonellacea, Wellerellidae) dans le Toarcien du Sous-
Bassin Nord-Lusitanien (Portugal). Docum. Lab. Géol. Lyon, nº 130, pp. 1-135, 56 fig., 6 pl. 
ALMERAS, Y., ELMI, S., MOUTERDE, R., RUGET, CH. & ROCHA, R. B. (1988) – Évolution paléogéographique du Toarcien et 
influence sur les peuplements. In: ROCHA, R. B. & SOARES, A. F. (Eds.), 2nd Intern. Symp. Jurassique Stratigraphy, Lisboa, 
vol. II, pp. 687-698, fig. 1-2, pl. 1-2. 
ALMERAS, Y., MOUTERDE, R., ELMI, S. & ROCHA, R. B. (1995) – Le genre Nannirhynchia (Brachiopoda, Rhynchonellaceae, 
Norellidae) dans le Toarcien portugais. Palaeontographica, Stuttgart, Abt. A, Band 237, pp. 1-38, Taf. 1-4. 
AZEREDO, A. C., WRIGHT, P. & RAMALHO, R. (2002) – The Middle-Late Jurassic forced regression and disconformity in central 
Portugal: eustatic, tectonic and climatic effects on a carbonate ramp system. Sedimentology, Amsterdam, vol. 49, pp. 1339-1370. 
BESSON, D. (1998) – Renouvellement faunique et corrélations biostratigraphiques au passage Domérien-Toarcien (Téthys 
occidentale et NW Europe). Dipl. Études approfondies, Lyon, pp. 1-50, 21 fig. (unpublished). 
BOUDCHICHE, L., NICOLLIN, J.-P. & RUGET, C. (1994) – Répartition stratigraphique des Foraminifères dans le Domérien et le 
Toarcien des Beni-Snassen (Maroc nord-oriental). Rev. Paléobiol., Genève,  vol. 13 (2), pp. 391-397, 3 fig. 
CHOFFAT, P. (1880) – Étude stratigraphique et paléontologique des terrains jurassiques du Portugal. Première livraison. Le Lias et 
le Dogger au Nord du Tage. Mem. Secção Trab. Geol. Portugal, Lisboa, XIII+72+7 p., 6 fig. 
COMAS-RENGIFO, M. J., DUARTE, L. V., ELMI, S., GOY, A., MOUTERDE, R., PERILLI, N. & ROCHA, R. B. (2004) – Ammonite and 
calcareous nannofossil assemblages across the Pliensbachian-Toarcian boundary in two key sections of Spain and Portugal. 
32nd Intern. Geol. Congress, Florence, poster present. sess. G22.07 – Jurassic world (outside the park), poster 177-14, p. 823. 
DOMMERGUES, J.-L. (1987) – L’évolution chez les Ammonitina du Lias Moyen (Carixien, Domérien Basal) en Europe 
Occidentale. Docum. Lab. Géol. Lyon, nº 98, 297 p. 
DOMMERGUES, J.-L., ELMI, S., MOUTERDE, R. & ROCHA R. B. (1981) – Calcaire grumeleux du Carixien portugais. In: FARINACCI, A. & 
ELMI, S. (Eds.), Rosso Ammonitico Symp. Proc., Ed. Tecnoscienza, Roma, pp. 199-206, 2 fig., 1 pl. 
DOMMERGUES, J.-L., MEISTER, C. & MOUTERDE, R. (1997) – 3. Pliensbachien. In: CARIOU, E. & HANTZPERGUE, P. (Eds.), 
Biostratigraphie du Jurassique ouest-européen et méditerranéen: zonations parallèles et distribution des invertébrés et 
microfossiles. Bull. Centre Rech. Elf Explor. Prod., Pau, Mém. 17, pp. 15-23, tab. III, pl. 6-8. 
DROMART, G. & ELMI, S. (1986) – Développement de structures cryptalgaires en domaine pélagique au cours de l‘ouverture des 
bassins jurassiques (Atlantique Central, Téthys occidentale). C. R. Acad. Sc. Paris, t. 303, sér. II, nº 4, pp. 311-316, 3 fig., 1 pl. 
DUARTE, L. V. (1991) – Os margo-calcários do Toarciano na região de Rabaçal – Condeixa: caracterização sedimentológica e 
evolução sequencial. Mem. Notícias, Coimbra, nº 112 (Parte A), pp. 15-36, 3 fig. 
-------- (1995) – O Toarciano da Bacia Lusitaniana. Estratigrafia e evolução sedimentogenética. Tese doutoramento Univ. 
Coimbra, 349 p. 
--------- (1997) – Facies analysis and sequential evolution of the Toarcian-Lower Aalenian series in the Lusitanian Basin 
(Portugal). Comun. Inst. Geol. Mineiro, Lisboa, t. 83, pp. 65-94. 
--------- (1998a) – Clay minerals and geochemical evolution in the Toarcian-Lower Aalenian of the Lusitanian Basin. Cuadernos
Geologia Iberica, Madrid, nº 24, pp. 69-98. 
--------- (1998b) – O Liásico superior de Peniche: modelos de sedimentação autogenética versus alogenética. In: OLIVEIRA, J. &
DIAS, R. (Eds.), Livro Guias Excursões V Congr. Nac. Geologia, IGM, Lisboa, pp. 21-25. 
--------- (2003) – Variação de fácies, litostratigrafia e interpretação sequencial do Liásico médio e superior ao longo da 
transversal Tomar-Peniche (Portugal). Ciências Terra (UNL), Lisboa, nº esp. V, CD-Rom, pp. A53-A56. 
Ciências da Terra (UNL), 16 
31
--------- (2007) – Lithostratigraphy, sequence stratigraphy and depositional setting of the Pliensbachian and Toarcian series in the 
Lusitanian Basin (Portugal). Ciências Terra (UNL), Lisboa, nº 16, pp. 17-23, 5 fig. 
DUARTE, L., PERILLI, N., DINO, R., RODRIGUES, R. & PAREDES, R. (2004) – Lower to Middle Toarcian from the Coimbra region 
(Lusitanian Basin, Portugal): sequence stratigraphy, calcareous nannofossils and stable-isotope evolution. Riv. Ital. 
Paleontologia Stratigrafia, Milano, vol. 100, pp. 115-127. 
DUARTE, L. V., RODRIGUES, R. & DINO, R. (2003) – Carbon stable isotope analysis as a sequence stratigraphy tool. Case study 
from Lower Jurassic marly limestones of Portugal. IV South Amer. Symp. Isotope Geology, Salvador, pp. 341-344. 
DUARTE, L. V. & SOARES, A. F. (1993) – Eventos de natureza tempestítica e turbiditíca no Toarciano inferior da Bacia 
Lusitaniana (Sector norte). Cadernos Geografia, Fac. Let. Univ. Coimbra, nº 12, pp. 89-95. 
------- (2002) – Litostratigrafia das séries margo-calcárias do Jurássico inferior da Bacia Lusitânica (Portugal). Comun. Inst. Geol. 
Mineiro, Lisboa, t. 89, pp. 115-134. 
DUARTE, L. V. (Coord.), WRIGHT, V. P., FERNANDEZ-LOPEZ, S., ELMI, S., KRAUTTER, M., AZEREDO, A. C., HENRIQUES, M. H.,
RODRIGUES, R. & PERILLI, N. (2004) – Early Jurassic carbonate evolution in the Lusitanian Basin: facies, sequence 
stratigraphy and cyclicity. In: DUARTE, L. V. & HENRIQUES, M. H. (Eds.), Carboniferous and Jurassic Carbonate Platforms 
of Iberia. 23nd IAS Meeting Sedimentology, Coimbra, Field Trip Guide Book, vol. I, pp. 45-71, fig. 1-35. 
ELMI, S. (2002) – Some general data on the Pliensbachian-Toarcian boundary (problems of biostratigraphic correlations). 6th
Intern. Symp. Jurassic System, Palerme, pp. 56-57. 
------- (2005) (with contributions by R. MOUTERDE and R. B. ROCHA) – Toarcian Working Group. Report and prospects. In: ELMI, S.,
DUARTE,L. V., MOUTERDE,R., ROCHA, R.B. &. SOARES, A. F. (Coord.), The Peniche Section (Portugal). Candidate to the Toarcian Global 
Stratotype Section and Point. Toarcian Working Group. Field Trip Meeting, CIGA/UNL & CG/UC, Caparica, pp. 2-10, 2 fig., 2 pl.
------- (2006) – Pliensbachian/Toarcian boundary: the proposed GSSP of Peniche (Portugal). Volumina Jurassica, Warsaw, vol. 
IV, pp. 5-16, fig. 1-2. 
------- (2007) – Pliensbachian/Toarcian boundary: the proposed GSSP of Peniche (Portugal). Ciências Terra (UNL), Lisboa, nº 16 , 
pp. 7-16, 1 fig. 
ELMI, S., GABILLY, J., MOUTERDE, R., RULLEAU, L. & ROCHA, R. B. (1994) – L’étage Toarcien de l’Europe et de la Téthys: 
divisions et corrélations. Geobios, Lyon, M. S. nº 17, pp. 149-159, 2 fig. 
ELMI, S., GOY, A., MOUTERDE, R., RIVAS, P. & ROCHA, R. B. (1989) – Correlaciones biostratigráficas en el Toarciense de la 
Peninsula Ibérica. Cuad. Geol. Iberica, Madrid, nº 13, pp. 265-277, fig. 1-2. 
ELMI, S., MOUTERDE, R. & ROCHA, R. B. (2005) – Toarcian GSSP candidate: the Peniche Section at Ponta do Trovão. In: ELMI,
S., DUARTE, L. V., MOUTERDE, R., ROCHA, R. B. &. SOARES, A. F. (Coord.), The Peniche Section (Portugal). Candidate to the 
Toarcian Global Stratotype Section and Point. Toarcian Working Group. Field Trip Meeting, CIGA/UNL & CG/UC,
Caparica, pp. 20-30, 2 fig., 2 pl.
ELMI, S., MOUTERDE, R., ROCHA, R. B. & DUARTE, L. V. (1996) - La limite Pliensbachien-Toarcien au Portugal; intérêt de la 
coupe de Peniche. In: CRESTA, S. (Ed.), Intern. Subcom. Jurassic Stratigraphy, Meet. Toarcian Aalenian Stratigraphy,
Nuévalos and Freiburg, Aalenews, Rome, nº 6, pp. 33-35. 
ELMI, S., ROCHA, R. & MOUTERDE, R. (1988) – Sédimentation pélagique et encroûtements cryptalgaires: les calcaires grumeleux 
du Carixien portugais. Ciências Terra (UNL), Lisboa, nº 9, pp. 69-90. 
ELMI, S., RULLEAU, L., GABILLY, J. & MOUTERDE, R. (1997) – 4. Toarcien. In: CARIOU, E. & HANTZPERGUE, P. (Eds.), 
Biostratigraphie du Jurassique ouest-européen et méditerranéen: zonations parallèles et distribution des invertébrés et 
microfossiles. Bull. Centre Rech. Elf Explor. Prod., Pau, Mém. 17, pp. 25-36, fig. 2-5, tab. IV, pl. 9-11. 
FERNANDEZ-LOPEZ, S., DUARTE, L. V. & HENRIQUES, M. H. (1999) – Reelaborated ammonites as indicator of condensed deposits 
from deep marine environments. Case study from Lower Pliensbachian lumpy limestones of Portugal. In: ROCHA, R. B.,
SILVA, C. M., CAETANO, P. S. & KULLBERG, J. C. (Eds.), Links between fossil assemblages and sedimentary cycles and 
sequences. Workshop European Palaeont. Assoc., Lisboa, pp. 42-46. 
------- (2000) – Ammonites from lumpy limestones in the Lower Pliensbachian of Portugal: taphonomic analysis and 
palaeoenvironmental implications. Rev. Soc. Geol. España, Madrid, vol. 13, pp. 3-15. 
FERNÁNDEZ-LÓPEZ, S., HENRIQUES, M. H. & DUARTE, L. V. (2002) – Taphonomy of ammonite condensed associations – Jurassic 
examples from carbonate platforms of Iberia. In: SUMMESBERGER, H., HISTON, K. & DAURER, A. (Eds), Cephalopods – 
Present and Past. Abhandlungen Geologischen Bundesanstalt, Wien, heft 57, pp. 423-430. 
FRANÇA, J. C., ZBYSZEWSKI, G. & ALMEIDA, F, M. (1960) – Carta geológica de Portugal na escala 1/50 000. Notícia explicativa 
da folha 26-C Peniche. Serv. Geol. Portugal., Lisboa, 33 p. 
GUÉRY, F. C. (1984) – Évolution sédimentaire et dynamique du bassin marginal ouest-portugais au Jurassique (Province 
d’Estremadure, secteur de Caldas da Rainha, Montejunto). Thèse Doctorat. Univ. Claude Bernard, Lyon, 478 p. 
HALLAM, A. (1971) – Facies analysis of the Lias in West Central Portugal. N. Jb. Geol. Abh., Stuttgart, heft 139 (2), pp. 226-265, 8 tab. 
HESSELBO, S. P., JENKYNS, H. C., DUARTE, L. V. & OLIVEIRA, L. C. V. (2007) – Carbon-isotope record of the Early Jurassic 
(Toarcian) Oceanic Anoxic Event from fossil wood and marine carbonate (Lusitanian Basin, Portugal). Earth Plan. Sc. 
Letters, Amsterdam, nº 253, pp. 455-470, 5 fig. 
Ciências da Terra (UNL), 16
32
KULLBERG, J. C., OLÓRIZ, F., MARQUES, B., CAETANO, P. & ROCHA, R. B. (2001) – Flat-pebble conglomerates: a local marker for 
Early Jurassic seismicity related to syn-rift tectonics in the Sesimbra area (Lusitanian Basin, Portugal). Sedimentary 
Geology, Amsterdam, vol. 139, pp. 49-70, fig. 1-14. 
MAILLIOT, S. (2006) – Production carbonatée pélagique par les nannofossiles calcaires au cours de l'événement anoxique du 
toarcien inférieur. Thèse doctorat Univ. Claude Bernard Lyon 1, 315 p. 
MAILLIOT, S., MATTIOLI, E., PITTET, B., PERILLI, N. (2006) – The Pliensbachian/Toarcian boundary: the record of Calcareous 
Nannofossils at Peniche (Ponta do Trovão, Lusitanian Basin). Newsl. Intern. Subcomm. Jurassic Stratigraphy, nº 33, pp. 13-14. 
MAILLIOT, S., ELMI, S., MATTIOLI, E. & PITTET, B. (2007) – Calcareous nannofossil assemblage across the Pliensbachian/Toarcian 
boundary in the reference section of Peniche (Portugal). Ciências Terra (UNL), Lisboa, nº 16, pp. 51-62, 4 fig,. 1 pl.
MOUTERDE, R. (1955) – Le Lias de Peniche. Comun. Serv. Geol. Portugal, Lisboa, t. XXXVI, pp. 87-115. 
-------- (1964-65) – Le Lias de Peniche (Suite, bibliographie). Comun. Serv. Geol. Portugal, Lisboa, t. XLVIII, pp. 53-59. 
-------- (1967) – Le Lias du Portugal. Vue d'ensemble et division en zones. Comun. Serv. Geol. Portugal, Lisboa, t. XLII, pp. 209-226. 
MOUTERDE, R., DOMMERGUES, J.-L., MEISTER, C. & ROCHA, R. B. (2007) – Atlas des fossiles caractéristiques du Lias portugais. 3a) 
Domérien (Ammonites). Ciências Terra (UNL), Lisboa, nº 16 , pp. 67-111,  9 fig. , pl. 1-6.  
MOUTERDE, R. & ROCHA, R. B. (1980-81) – Le Lias de la Région de Rio de Couros. Bol. Soc. Geol. Portugal, Lisboa, vol. XXII, 
pp. 209-220, fig. 1-3, pl. 1-2. 
MOUTERDE, R., ROCHA, R. B. & RUGET, Ch. (1971) – Le Lias moyen et supérieur de la région de Tomar. Comun. Serv. Geol. 
Portugal, Lisboa, t. LV, pp. 55-86, 2 fig. 
MOUTERDE, R. & RUGET, Ch. (1967a) – Stratigraphie du Lias de la région d’Alvaiazere. Comun. Serv. Geol. Portugal, Lisboa, t. 
LI, pp. 153-168, 1 fig. 
------- (1967b) – Le Lias des environs de Porto de Moz (SW du Plateau de Fátima). Comun. Serv. Geol. Portugal, Lisboa, t. LI, 
pp. 253-281, 1 pl. 
------- (1984) – Le passage Domérien-Toarcien dans le Lias portugais. In: Vol. d’homm. géol. G. Zbyszewski, Ed. Rech. Civil., 
Paris, pp. 203-211, 1 fig. 
------- (1982) – Les «Couches de passage»: un probleme d’échelle. 9ème Réun. Annuelle Sc. Terre, Paris, p. 460. 
MOUTERDE, R., RUGET, CH. & ALMEIDA, F. M. (1964-65) – Coupe du Lias au Sud de Condeixa. Comun. Serv. Geol. Portugal,
Lisboa, t. XLVIII, pp. 61-91, pl. 1-2. 
OLIVEIRA, L. C. V., DINO, R., DUARTE, L.V. & PERILLI, N. (2007) – Calcareous nannofossils and palynomorphs from 
Pliensbachian-Toarcian boundary in Lusitanian Basin, Portugal. Rev. Brasil. Paleont., Porto Alegre, vol. 10, nº 1, pp. 5-16, fig. 1-10. 
OLIVEIRA, L. C. V., DUARTE, L.V. & RODRIGUES, R. (2007) – Chemostratigraphy (TOC, 13C, 18O) around the Pliensbachian 
Toarcian boundary in the reference section of  Peniche (Lusitanian Basin, Portugal). Preliminary results. Ciências Terra 
(UNL), Lisboa, nº 16, pp. 63-66, 2 fig 
OLIVEIRA, L. C. V., PERILLI, N. & DUARTE, L. V. (2007) - Calcareous nannofossil assemblages around the Pliensbachian/Toarcian 
stage boundary in the reference section of Peniche (Portugal). Ciências Terra (UNL), Lisboa, nº 16, pp. 45-50, 3 fig. 
PINTO, S., CABRAL, M. C. & DUARTE, L. V. (2007) - Preliminary data on the ostracod fauna from the Lower Toarcian of Peniche. 
Ciências Terra (UNL), Lisboa, nº 16, pp. 37-43, 4 fig., 2 pl. 
REGGIANI, L. (2005) – Nannofossili Calcarei del Domerianonel Bacino dei Monts d’Or (Francia) e nel Bacino Lusitanico (Portugallo): 
confronto, implicazioni paleoambientali e paleogeografiche. Master Mem. Univ. degli Studi Perugia, 147 p. (unpublished).  
REGGIANI, L. MATTIOLI, E. & PITTET, B. (2006) – Pliensbachian calcareous nannofissils from the Mont d’Or (France) and Lusitanian 
Basin (Portugal): palaeogeographic and palaeoenvironmental significance. Volum. Jurassica, Warsaw, vol. IV, pp. 129-130. 
ROCHA, R. B. (1976) – Estudo estratigráfico e paleontológico do Jurássico do Algarve Ocidental. Ciências Terra (UNL), Lisboa, 
nº 2, 178 p., fig. 1.1-6.7, 2 cartas geol. 
ROCHA, R. B., MOUTERDE, R., SOARES, A. F. & ELMI, S. (1987) – Excursion A – Biostratigraphie et évolution séquentielle du Bassin au 
Nord du Tage au cours du Lias et du Dogger. 2nd Intern. Symp. Jurassic Stratigraphy, Lisboa, pp. 1-84. 
ROMARIZ, C. (1959) – Estudo petrográfico de alguns calcarenitos do Liássico superior de Peniche. Rev. Fac. Ciênc. Lisboa, 2ª 
sér., C, vol. 7(1), pp. 13-52, 10 est. 
ROSSET, J., MOUTERDE, R. & ROCHA, R. B. (1975) – Structure du Jurassique sur les feuilles de Coimbra Sud et de Figueiró dos 
Vinhos au 50 000ème depuis Cernache jusqu’à Serra de Mouro. Bol. Soc. Geol. Portugal, Lisboa, vol. XIX (III), pp. 103-115, 
fig. 1-3, 2 cartes. 
SOARES, A. F. & DUARTE, L. V. (1997) – Tectonic and eustatic signatures in the Lower and Middle Jurassic of the Lusitanian 
Basin. Comun. IV Congreso Jurasico España, Alcañiz, pp. 111-114. 
SOARES, A. F., ROCHA, R. B., ELMI, S., HENRIQUES, M. H., MOUTERDE, R., ALMERAS, Y., RUGET, CH., MARQUES, J., DUARTE, L.
V., CARAPITO, C. & KULLBERG, J. C. (1993a) – Le sous-bassin nord-lusitanien (Portugal) du Trias au Jurassique moyen: 
histoire d’un “rift avorté”. C. R. Acad. Sci. Paris, t. 317, sér. II, pp. 1659-1666. 
Ciências da Terra (UNL), 16 
33
SOARES, A. F., ROCHA, R. B., MARQUES, B., DUARTE, L. V., MARQUES, J. F., HENRIQUES, M. H. & KULLBERG, J. C. (1993b) – 
Contribution to the sedimentary organization of the Lusitanian Basin (Triassic to Malm). In: MORTON, N. & BOYD, D. (Eds),
Arkell Intern. Symp. Jurassic Geology, London, Abstract Volume, 2 p. 
SUAN, G., MATTIOLI, E., PITTET, B., MAILLIOT, S. & LÉCUYER, C. (2007) – Evidence for major environmental perturbation prior to 
and during the Toarcian (Early Jurassic) Oceanic Anoxic Event from the Lusitanian Basin, Portugal. Paleoceanography,
Washington (in press).
WILSON, R. C. L., HISCOTT, R. N., WILLIS, M. G. & GRADSTEIN, F. M. (1989) – The Lusitanian Basin of West-Central Portugal: 
Mesozoic and Tertiary tectonic, stratigraphic and subsidence history. Am. Assoc. Petrol. Geol. Mem., Tulsa, vol. 46,             
pp. 341-362. 
WRIGHT, V. P & WILSON, R. C. L. (1982) – The Toarcian-Aalenian at Peniche, Portugal. A field guide with detailed 
sedimentological logs. Dep. Earth Sciences, The Open Univ., London, 16 p., 7 fig. 
------- (1984) – A carbonate submarine-fan sequence from the Jurassic of Portugal. J. Sed. Petrol., Tulsa, vol. 54, pp. 394-412. 
Ciências da Terra (UNL), 16
34
Plate 1 
Ciências da Terra (UNL), 16 
35
Plate 2 
